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General introduction:  





A general introduction   
This thesis is inspired by nature and a fascination for the complex phenomenon of 
bird migration. Every year billions of birds migrate thousands of kilometres 
between Europe and sub-Saharan Africa (Moreau 1972). Our curious and exploring 
human nature attempts to understand the richness of the living world around us and 
unravel phenomena like migration. In the last decades, this has become much 
easier. Recent developments of novel techniques allow tracking individual 
movements year round and help to elucidate migrations of even the smallest birds. 
At the same time technological and economic prosperity and our increasing world 
population have also come at the cost of our planet. We take the use of the planet 
for granted. It seems our “natural right” to use “our” world. Now that we are even 
changing our own climate, we slowly start to realize which impact this may have. I 
hope that a better understanding of the diversity and complexity of our living 
world teaches us more about the true impact that humans have in affecting our 
world, and also helps us realizing that we share the planet with other organisms.  
In this thesis, I zoom in to the life of an insectivorous bird, the European pied 
flycatcher Ficedula hypoleuca. The fundamental aim at the heart of this thesis is to 
understand how flexible or constrained this long-distance migratory bird is in 
adjusting the timing of its annual cycle to rapid changing conditions.  
Migration as an adaptive response to seasonal changes 
Migratory birds’ life cycles are amazingly adapted to optimally exploit food 
sources on the breeding sites and avoid harsh winter conditions by migrating to 
environments that are more hospitable. Birds thereby match energetically 
demanding tasks such as breeding and moult to locations and times when resources 
are most abundant, while survival costs are kept low (Alerstam, Hedenström & 
Åkesson 2003). If they manage to properly time and organize the different aspects 
of their annual cycle, such as migration, moult and breeding, this allows migrants 
to get the best of two worlds.  
Timing decisions are thus crucial for a migratory life style. Migrating too early 
can entail considerable costs of mortality when birds encounter adverse weather or 
poor food supply upon arrival (Newton 2007), particularly for primarily 
insectivorous migrants (Brown & Brown 2000; Coppack & Both 2002). Arriving 
too late can reduce an individual’s chance to exploit seasonally abundant food 
sources, especially in habitats characterised by a short burst in insects. On top of 
this, competition among birds for territories and mates (Kokko 1999; Newton 
2008) intensifies the selection for timely spring migration (Alerstam 2011; 
Nilsson, Klaassen & Alerstam 2013). The preparatory steps that are needed to 
initiate their spring migration take place earlier in the year (Berthold 1996; 
Gwinner 1996a), far before birds even depart towards their breeding sites. Under 
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these selective forces, migrants have evolved complex response mechanisms (Hut 
& Beersma 2011) that allow them to time their seasonal events (called 
‘phenology’). The environmental variation and predictability under which these 
timing mechanisms evolved, also influence the potential for different kinds of 
evolutionary responses (Botero et al. 2015), e.g. to anticipate changes in the 
(predictability of ) the environment.  
Rapid human-induced environmental change  
Human-induced changes in the environment increasingly change the selective 
environment that organisms encounter. For example, Afro-Palearctic migrants 
currently face rapid, ongoing habitat changes at their wintering grounds (Brink & 
Eva 2009; Vickery, Ewing & Smith 2014). Meanwhile, climate warming in Europe 
confronts several migratory birds with strong directional advancements in the 
timing of peak food abundance in their breeding period, particularly impacting 
species that occupy seasonal habitats (Both et al. 2009, 2010). On top of this, long-
distance migrants have possibly less possibilities than short-distance migrants to 
predict such changes, because conditions at their breeding sites are not correlated 
to those at their wintering sites. Long-distance migrants might therefore be in 
multiple jeopardy. Climatic change already caused dramatic shifts in the 
phenology of many plant and animal species during the last decades  (Parmesan & 
Yohe 2003; Root et al. 2003; Both et al. 2009). The current rate of climate change 
and associated changes in the predictability of the environment might be  too 
rigorous to be tracked by successful adaptation, resulting in low reproduction and  
ultimately population decline (Botero et al. 2015). Predicting the ability of long-
distance migrants to respond to expected levels of climate change requires a much 
better understanding of the underlying mechanisms that govern their annual cycle 
in time and space, but also of the selective environments they encounter. The 
drastic rates of human-induced changes of our planet provide us with the 
opportunity to study evolution in action, because circumstances change rapidly and 
at different rates for different populations. We can thereby study whether and how 
animals adapt to environmental change, which is a chance that we should take 
from a scientific and ethical perspective. 
Thesis focus  
This thesis builds upon our enormous knowledge about responses to 30 years of 
climate change in pied flycatchers (see ‘The pied flycatcher study system’), which 
has become a model species in the study of long-distance migrants’ ability to adapt 
life-cycles to climate change (Both & Visser 2001; Both et al. 2004, 2006a; 
Møller, Fiedler & Berthold 2010). In recent decades, biologists have made great 
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progress in describing how climate warming perturbs existing phenological 
adaptations, often making use of extremely valuable long-term field studies at 
various breeding populations of ‘model’ species (such as pied flycatchers), by 
correlating trends in arrival and laying to changes in spring temperatures. Despite 
their great value, these studies on birds at their breeding grounds so far provided a 
limited view on life-cycle adaptations of small migrants, mainly because the 
behaviours and conditions during their non-breeding period are difficult to grasp. 
Considering that many Afro-Palearctic migrants spend most of their time in Africa 
rather than in Europe, there is a big blind spot on how events and conditions prior 
to arrival at the breeding sites shape their annual routines.  
The main aims of my thesis are to (1) provide a more inclusive - year-round - 
description of migratory schedules of pied flycatchers and the connections between 
wintering and breeding populations, (2) investigate the role of environmental 
effects on timing of spring migration, and thereby on flexibility and evolutionary 
potential of migratory schedules, and (3) explore whether (ecological) constraints 
in the annual cycle are expected that may hamper this species’ ability to change 
spring arrival and egg laying schedules. 
Approach 
To address these aims, we applied various techniques to study pied flycatchers in 
different parts of their annual cycle, such as field work on wintering flycatchers in 
Ghana (West Africa), and geolocation-loggers to track birds during migration 
(figure 1). By performing part of this study in a large population in Drenthe with 
1100 nest boxes (NL: 52°49’ N, 6°22’ E), that has been established from 2007 and 
contains approximately 300 breeding pairs, we were also able to carry-out large-
scale field experiments. Even more important, by combining breeding and non-
breeding data from the same population, we provide an important context to 
interpret how findings outside the breeding season add in shaping arrival schedules 
at breeding grounds as observed across several years.  
A plethora of effects during the entire annual cycle can potentially shape timing 
of migration. This may hamper our ability to detect effects of environmental 
factors earlier in the year that influence migration schedules of wild birds. Where 
possible, we therefore chose to use data or perform field experiments across 
multiple years for the same question and population, or combine different sources 
of data. We chose to address all our aims by studying pied flycatchers in the wild, 
because this is the context in which selection takes place. This may also help to 
judge the relevance of specific effects and mechanisms for the speed by which 
migrants can adjust their migration schedules to rapid change, within their 




The pied flycatcher study system  
Long-term breeding studies 
Due to the work by Both, Visser and colleagues (e.g. Both & Visser 2001; Both et 
al. 2004; Both et al. 2006a), the European pied flycatcher Ficedula hypoleuca has 
become a ‘model’ species in the study of long-distance migrants’ ability to adapt 
life-cycles to climate change (Møller et al. 2010). Pied flycatchers are 
insectivorous passerines that breed in temperate forests across Europe (and into 
western Asia) and migrate to spend most of the year wintering in Sub-Saharan 
West Africa. Pied flycatchers are single-brooded with bi-parental brood care and 
females lay between 4 and 8 eggs; and have been extensively studied in nest box 
breeding populations (Lundberg & Alatalo 1992). Increased spring temperatures 
have led to increased selection for early breeding and advancements of breeding 
dates (Both & Visser 2001). Long-term data from 25 European populations showed 
that flycatchers showed the strongest advancements in egg laying dates in areas 
with most spring warming (Both et al. 2004). In many migrants, the timing of 
arrival at the breeding grounds will strongly affect the start of the breeding season. 
The arrival dates at the breeding grounds advanced in some, but not in other 
populations (Both & Visser 2001; Ahola et al. 2004; Lehikoinen, Sparks & 
Zalakevicius 2004; Both & te Marvelde 2007). These observed responses have 
often been explained as phenotypic plasticity, with birds incorporating local 
environmental conditions into migration and breeding decisions when approaching 
or at their breeding sites (Ahola et al. 2004; Both et al. 2004; Both, Bijlsma & 
Visser 2005; Lehikoinen et al. 2004; Hüppop & Winkel 2006; Both & te Marvelde 
2007). 
The observed plasticity of advancements in egg laying dates in western Europe 
was believed to be insufficient to keep up with the advancing food peak (Both & 
Visser 2001). Breeding ground studies posed various claims about the underlying 
mechanisms and ability of migrants to alter their time schedules to climate  change 
(Knudsen et al. 2011). Asynchrony between timing of breeding and the peak 
abundance of caterpillar food was held responsible for increased selection for early 
breeding (Both & Visser 2001), thereby causing population declines (so called 
‘mismatch-hypothesis’). The strongest declines were observed in populations with 
the strongest mismatch (Both & Visser 2005; Both et al. 2006a).  
The lack of change in spring arrival dates as observed in some pied flycatcher 
populations (Both & Visser 2001; Both et al. 2005; Hüppop & Winkel 2006) was 
interpreted as inflexibility of the mechanism controlling migration (Both & Visser 
2001). Most avian long-distance migrants evolved a genetic endogenous rhythm of 
approximately a year (‘circannual cycle’) that is synchronized by photoperiodic 
cues to time their migrations, as at their wintering grounds they lack direct 
information on the progress of spring at their breeding sites (e.g. Gwinner 1989, 
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1996a; Berthold 1996). It was argued that the evolutionary (genetic) changes 
needed to track environmental change were likely too slow to keep up with rapid 
climatic change. However, migrants have survived turbulent natural environmental 
shifts in their evolutionary history, suggesting that the mechanism birds’ use to 
adapt the timing of breeding and migration to changed conditions must have been 
extremely flexible (Coppack & Both 2002; Piersma 2011). Moreover, little is 
known about how plastically timing mechanisms may respond to environmental 
conditions on the wintering grounds and during migration. Recently, pied 
flycatchers from western and central Europe have been found progressively earlier 
during spring migration in North Africa: a pattern contradicting the previous ideas 
of unchanged departure dates (Both 2010). This result apparently undermines the 
basic premise that the insufficient response to climate change is caused by a rigid 
control mechanism of migration from the wintering grounds.  
It remains an open question as to what degree the observed variation and 
changes in spring migration schedules are driven by individual adjustments in 
migration duration, departure decisions, or genetic adaptation in time schedules. 
And why have arrival dates at the breeding grounds not advanced if birds did 
migrate earlier through North Africa? 
Time schedules: possibilities & constraints for adaptation 
If migratory timing is indeed rigid, the observed patterns may be explained by an 
evolutionary change in migratory timing (Jonzen et al. 2006). But alternative 
mechanisms can also cause an advancement in time schedules: such as by a 
phenotypic response (Piersma & van Gils 2011; Charmantier & Gienapp 2014; 
Tarka, Hansson & Hasselquist 2015) through improved conditions at the wintering 
grounds or en route, or via ontogenetic processes (Gill et al. 2014).  
Both (2010) found that variation in spring recovery dates in North Africa of 
pied flycatchers born throughout Europe was partly explained by variation in birth 
date, in interaction with birth latitude. The trend towards earlier migration 
disappeared if birth dates were accounted for. Both (2010) hypothesized that this 
mechanism could be through photoperiod, and some work has shown that early 
photoperiods indeed have prolonged effects on the annual program in migratory 
birds (Coppack, Pulido & Berthold 2001). At lower latitudes, incl. the Netherlands, 
where most birds are born before the summer solstice, Both (2010) showed that 
chicks born late in the season, that experience days that lengthen, migrated later 
than earlier born chicks. An ontogenetic effect of raising conditions on timing of 
spring migration in adult birds (Both 2010; Gill et al. 2014) may help to rapidly 
adjust offspring to local circumstances by their parental behavioural decisions. 
Such non-genetic inheritance is believed to be a fast and flexible mechanism to 
adjust to environments that rapidly change, as the lag-time associated with 
evolutionary (genetic) adaptation is eliminated (Bonduriansky & Day 2009).  
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Positive correlations between birth dates and subsequent spring arrival timing of 
female recruits, as found by Visser et al. (2015) may also arise from heritable in 
migration schedules. In contrast to earlier work (Both & Visser 2001; Both 2010), 
a recent study found heritability in timing traits, like laying date (0.33 (95% CI: 
0.25–0.39)) (Visser et al. 2015), suggesting that advanced spring migration 
schedules (Both 2010) could also involve micro-evolutionary changes in pied 
flycatchers. 
Limited adjustment to an earlier phenology of their breeding grounds may not 
be because the onset of migration is inflexible, but because temperature constraints 
during migration delay the arrival of birds at their breeding grounds. For early 
breeding populations (e.g. in The Netherlands), spring temperatures on migration 
through Europe have not increased and thereby may have hampered an earlier 
arrival (Both 2010). For late populations temperatures en route did allow earlier 
arrival, as temperatures became more favourable (Ahola et al. 2004). The extent by 
which birds can advance their timing via such a phenotypic response may however 
be limited by the amount of trait plasticity in departure date and migration speed, 
and are thus strongly determined by how environmental conditions in winter and 
en route change over time (Winkler et al. 2014). In addition, temporal trends in 
arrival date in a population may also arise from other processes. Low temperatures 
in spring may lead to selective disappearance of early arriving individuals if they 
have a reduced chance to survive (Visser et al. 2015). To distinguish between such 
processes, it is important to know more about individual responses, particularly on 
pied flycatchers’ time schedules and decisions in the wild outside the breeding 
season. 
Away from Africa 
Our knowledge on the ecology, time schedules and distribution outside the 
breeding season is very limited, despite pied flycatchers being one of the ten most 
abundant passerines in the Afro-Palearctic flyway (Hahn, Bauer & Liechti 2009). 
Pied flycatchers spend more than 6 months a year in sub-Saharan West Africa 
(figure 2). Most birds are presumably faithful to their wintering sites in Africa, 
where they fuel for spring migration (Salewski, Bairlein & Leisler 2000, 2002a). 
They arrive from early autumn in lush and green conditions at their wintering sites, 
but these sites become progressively dryer towards the end of the dry season 
(Moreau 1972). Extensive work on American redstarts Setophaga ruticilla in the 
New World has shown that good rainfall conditions and the occupancy of high 
quality habitats in winter (with stable food conditions) advanced timing of spring 
departure, as mediated by food availability, that carried over to  enhance fitness 
later in the annual cycle (Marra, Hobson & Holmes 1998; Norris et al. 2004; 
Studds & Marra 2005, 2007). Similar patterns may be expected in pied flycatchers, 
as they winter over a gradient of habitats and a wide span of longitudes in a highly 
seasonal environment (Morel & Morel 1992; Salewski et al. 2002b; Dowsett 
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2010). Correlative studies confirmed the importance of wintering conditions for 
later annual cycle events: after wet seasons spring migration and breeding is earlier 
in several pied flycatcher populations (Both et al. 2006b; Both 2010).  
Without knowing how pied flycatchers with different time schedules and 
breeding origins distribute once at their West African non-breeding grounds, it will 
be very hard to pinpoint how wintering conditions affect the rest of their annual 
cycle or their capacity to respond to environmental changes. A prerequisite for 
describing carry-over effects is a tremendous improvement of knowledge of 
migratory routes and wintering distributions with their associated ecological 
conditions. 
 




Understanding what drives or prevents long-distance migrants to respond to 
environmental change also requires a lot of basic knowledge about the ecology and 
behaviour at their wintering and breeding grounds, and the timing of movements 
between them. To experience under which ecological conditions pied flycatchers 
prepare their spring migrations, we start our journey in Africa. Chapter 2 
describes the seasonal dynamics of arthropods in relation to rainfall changes at the 
end of the dry season, prior to northward departure of pied flycatchers. We studied 
two sites in Ghana that differ in latitude, habitat and rainfall conditions. Chemical 
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analysis of the compositions of stable isotope ratios (Hobson & Wassenaar 2008) 
in winter-moulted feathers of site-faithful pied flycatchers in Ghana, revealed that 
latitudinal differences in habitat, but also fine-scale variation in habitat, are 
reflected into the diet and feathers of these birds. Furthermore, age differences in 
the repeatability of the wintering isotopic signal in Dutch birds suggested that 
young birds differ in their habitat use from experienced birds. By combining these 
data with detailed investigations of how pied flycatchers use these wintering sites, 
their timing of moult and fuelling, we formulate ideas about the relevance of 
wintering site-selection and wintering conditions in their life cycle.  
After our natural history adventure in Ghana, we zoom out in  chapter 3, to 
describe the migratory connections between four European breeding populations 
and their wintering locations. Light-level geolocator data and ring recoveries 
revealed that flycatchers from different breeding populations travelled to winter at 
different longitudes, despite similarity in routes during most of the autumn 
migration. Birds from southern populations which migrate earlier in autumn, 
wintered further east than birds from ‘late’ populations that breed at northern 
latitudes. This unexpected pattern implies that not only latitude and local habitat 
(chapter 2), but also the longitude where pied flycatchers winter for more than 6 
months - together with their own timing - might be important in shaping specific 
migratory life-styles. We discuss whether population differences in wintering 
distribution may arise from differences in spring fuelling conditions in winter.  
Geolocation tracking is a great tool to describe movements of individual 
migrants throughout the year, and this was commonly used for the work described 
in this thesis (chapter 3-4, 6; figure 1). Unfortunately, geolocator attachment may 
sometimes impair performance, and hamper reliable inferences about the natural 
migration behaviour. We attempt to openly discuss potential impacts of tracking 
devices on the behaviour of interest. Several chapters of this thesis therefore also 
include impact assessments, where we compared proxies for certain behaviours of 
birds deployed with and without geolocators. We used repeated measures of stable 
isotope ratios in winter-moulted feathers as a proxy for wintering locations and site 
use (chapter 3). But also timing of spring arrival scored in the field as proxy to 
study the impact on time schedules in different groups of birds, which was 
combined with data on annual return rates of individuals without and with 
geolocators attached by two harness types (chapter 6).  
The geolocator-devices also provide interesting insights on the physiological 
abilities and strategies of small Afro-Palearctic migrants’ to cross the Sahara 
desert. In chapter 4 we make use of changes in shading and temperature to show 
that nocturnally migrating pied flycatchers, prolonged their flights twice a year by 
flying during day time. In spring, the birds almost immediately started their 
migrations with a prolonged flight to cross the Sahara desert, which they initiated 
from longitudes similar to those where they spent the winter. The common strategy 
of our Dutch pied flycatchers to cross the Sahara was not by intermittent flight and 
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daytime resting, but rather non-stop flights under cooler conditions, which we 
estimated took mostly 40–60 h. In autumn, we found different flight directions and 
temperature profiles, but similar light-patterns, suggesting that birds have alternate 
non-stop migration strategies to cross barriers. Our findings show migrants’  
physiological ability for broad barrier crossing. At the same time, non-stop 
strategies point at locations where bottlenecks may arise in the annual cycle, 
because conditions at major fuelling sites may impact on their ability to 




Figure 2.  Presumed spatial distribution of European pied flycatchers breeding and Sub-saharan 
wintering range (after Dowsett 2010) in dark grey (nb. atlas flycatcher F. speculigera not shown).
 
 
In chapter 5, we explore variability in time schedules in spring, based on  eight 
years of arrival dates of pied flycatchers to their Dutch breeding sites in Drenthe. 
Because more than 500 individuals were repeatedly monitored, we could show that 
arrival repeatabilities as well as the average arrival dates varied across years. Pied 
flycatchers in consecutive years showed sometimes moderate (R = 0.2) and 
sometimes rather high (>0.40) amounts of consistent individual differences in 
arrival date. We hypothesise that year-to-year variation in wintering conditions or 
during migration underlies such temporal differences in repeatability, e.g. because 
these conditions can affect safe and timely arrival at the breeding sites in spring. In 
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females but not in males, we found that year-to-year variation in repeatabilities of 
timing was explained by within-individual changes (i.e. ‘individual consistency’). 
It remains to be explored to which extent the variability in arrival timing is mainly 
a flexible adjustment to external conditions in both sexes, or that poor 
environmental conditions in winter or en route largely affect the composition of 
birds with different internal timing in the population.  
In search of a more complete view on their annual cycle timing, we focused on 
variation within a year, and track Dutch flycatchers with geolocators throughout 
the year in chapter 6. All returning pied flycatchers migrated very fast in spring: 
in two weeks they covered about 5000 km from wintering to breeding grounds. 
The variation in spring arrival dates as observed in our geolocator birds was in 
2014 caused by variation in departure date from Sub-Saharan Africa, and not by 
environmental conditions encountered en route. Despite this tight schedule, spring 
arrival in 2014 was not extremely early compared to other years (chapter 5). Males 
migrated ahead of females in spring, also supporting sex differences in arrival 
dates as reported in chapter 5. Migration schedules in autumn were flexibly 
adjusted according to breeding duties, with unpaired males leaving prior to 
breeding males and females. Individuals were therefore not consistently early or 
late throughout a year. We could also not detect a link between wintering longitude 
and migration phenology in autumn or spring, like we described earlier (chapter 3) 
among populations.  
In our fast migrating Dutch pied flycatchers there seems little potential to 
advance spring arrival by increasing migration speed. Instead, advancements of 
time schedules likely requires changes in spring departure dates  from the wintering 
grounds. It has been proposed that earlier laying by parents may allow for such 
advances in offspring migration schedules, via an ontogenetic effect of birth date 
on timing later in life. To test for a causal birth date effect on timing later in life, 
we manipulated egg hatching dates in three years, and monitored the arrival and 
laying during adulthood (in total across five years). Our experimental hatching 
delays of a week (chapter 7) resulted in later spring arrival and female egg laying 
in 2nd year old birds. Variation in offspring phenology was only partly caused by 
hatch date per se, because the experimental effect in timing later in life occurred 
mainly in one of the five years. Since non-experimental data also yielded positive 
correlations between spring arrival dates and birth dates in multiple years, several 
mechanisms likely have contributed to the observed variability of spring migration 
schedules.  
In chapter 8, I use the acquired knowledge from the previous chapters to 
discuss the implications for understanding the possibilities and constraints in life -
cycle adaptation to environmental change, using our Dutch pied flycatchers as an 
example. I also highlight some important knowledge gaps and suggest avenues for 
future research. 
 
